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processing unit, the graphical output associated with an operating
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backlight output

Optionally, change an alpha-numeric fault code output of the graphical
output via the display screen in response to a change in the operating
status of the data processing unit

Optionally, produce a second backlight output via a second portion of

the display screen, the second backlight output associated with the

operating status of the data processing unit.
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VISUAL ALERT SYSTEMS AND METHODS
FOR DATA PROCESSING UNITS

BACKGROUND

This invention relates to electronic data processing units,
and more particularly, to apparatus and methods for produc-
ing a visual alert associated with the operation of a data
processing unit.

Some known communications networks are operably
coupled to one or more data centers, which are centralized
locations where data processing resources (e.g., routers,
switches, servers, storage devices, and/or computing devices)
are located. Some known data centers are configured to pro-
cess, route and/or transmit electronic and/or optical signals to
various nodes within the communications network. Some
known data centers include large numbers (e.g., on the order
ol one hundred thousand) of data processing units.

The front panel of known data processing units can include
one or more light-emitting diodes (LEDs) and/or a display
screen (e.g., liquid crystal display screens). The LEDs and the
display screen can produce different outputs associated with
a status of the communications network, the operation of the
data processing unit or the like. For example, some known
data processing units include one or more LEDs that produce
a flashing light to indicate the status of data transmission via
the data processing units. Some known data processing units
include a display screen configured to output a fault code
associated with a status of the operation of the data processing
unit. Outputs produced by the LEDs and/or the display
screen, however, can be easily blocked by cables, connectors
and the like. Moreover, such outputs can be difficult to see
and/or interpret from a distance, when viewed at an angle
and/or when the data processing unit 1s located adjacent a
large number of other data processing units.

Thus, a need exists for improved apparatus and methods for
producing a visual alert associated with the operation of a data
processing unit.

SUMMARY

Data processing units are described herein. In some
embodiments, a data processing unit, which can be opera-
tively coupled within a data center network, 1s configured to
output a {irst visual indicia, a second visual indicia and a third
visual indicia. The first visual 1indicia includes a set of light
outputs, each of which 1s associated with a port status of a
network port of the data processing unit. The second visual
indicia includes a set of graphical outputs produced by a
display screen, each of which 1s associated with an operating
status of the data processing umt. The third visual indicia
includes a set of backlight outputs produced by the display
screen, each of which 1s associated with the operating status
of the data processing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of a data center net-
work including a data processing umt according to an
embodiment.

FIGS. 2 and 3 are schematic 1llustrations of the data pro-
cessing unit shown i FIG. 1, 1n a first configuration and
second configuration, respectively.

FIG. 4 1s a perspective view of a data processing unit
according to an embodiment.

FIG. 5 15 a schematic illustration of a data processing unit
according to an embodiment.
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FIG. 6 1s a display screen according to an embodiment
including multiple different portions, each configured to pro-
duce a backlight output.

FIG. 7 1s a display screen according to an embodiment
including multiple different portions, each configured to pro-

duce a backlight output.
FIG. 8 1s a flow chart of a method of producing a backlight

output according to an embodiment.

DETAILED DESCRIPTION

Data processing units are described heremn. In some
embodiments, a data processing unit, which can be opera-
tively coupled within a data center network, 1s configured to
output a first visual indicia, a second visual indicia and a third
visual indicia. The first visual 1indicia includes a set of light
outputs, each of which 1s associated with a port status of a
network port of the data processing unit. The first visual
indicia can be produced, for example, by one or more light
emitting diodes (LEDs). The second visual indicia includes a
set of graphical outputs produced by a display screen, each of
which 1s associated with an operating status of the data pro-
cessing unit. The graphical outputs can include, for example,
a textual indicia, fault code, or the like associated with a fan
tault, a thermal fault or a power supply fault. The third visual
indicia mcludes a set of backlight outputs produced by the
display screen, each of which 1s associated with the operating
status of the data processing unit. In some embodiments, each
backlight output from the set of backlight outputs has a char-
acteristic associated with the operating status of the data
processing unit. Such characteristics can include, for
example, a color of the backlight, a brightness of the backlight
or contrast of the backlight.

In some embodiments, a data processing unit configured to
be operatively coupled within a data center network can
include a network port, a set of light emitting diodes, a display
screen and a display controller. The network port 1s config-
ured to operatively couple the data processing unit to another
data processing unit associated with the data center network.
Each light emitting diode from the set of light emitting diodes
1s configured to produce an output having a characteristic
associated with a status of the network port. The display
screen, which can be, for example, a liquid crystal display
screen, 1s configured to produce a backlight output. The dis-
play controller 1s configured to control the backlight output in
response to a change 1n an operating status of the data pro-
cessing unit. For example 1n some embodiments, the back-
light controller can change the color and/or the brightness of
the backlight output. In other embodiments, the backlight
controller can repeatedly change the backlight output at a
predetermined frequency (e.g., resulting in a flashing back-
light output).

In some embodiments, a method 1includes producing a first
visual indicia associated with a port status of a network port of
a data processing unit. The data processing unit, which can be,
for example, a switch, a router, a data storage unit (e.g., a
memory device) or the like, 1s configured to be operatively
coupled within a data center network. A graphical output 1s
produced via a display screen coupled to the data processing
unit. The graphical output 1s associated with an operating
status of the data processing unit. The graphic output can
include, for example, a fault code, a textual indicia or the like.
A backlight output 1s produced via the display screen. The
backlight output 1s associated with the operating status of the
data processing unit.

As used herein the term *““data processing unit” refers to any
computer, electronic switch, switch fabric, portion of a switch
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tabric, router, host device, data storage device, line card or the
like used to process, transmit and/or convey electrical and/or
optical signals. A data processing unit can include, for
example, a component included within an electronic commus-
nications network. In some embodiments, for example, a data
processing unit can be a component included within or form-
ing a portion of a core switch fabric of a data center. In other
embodiments, a data processing unit can be an access switch
located at an edge of a data center, or a host device (e.g., a
server) coupled to the access device. For example, an access
switch can be located on top of a chassis containing several
host devices.

FIG. 1 1s a schematic block diagram of a data center net-
work 100 according to an embodiment. The data center net-
work 100 include a set of devices and/or data processing units
that are interconnected to route data (e.g., a data packet, a
string of bit values and/or a payload of data) between various
host devices 102 (only one host device 102 1s shown 1n FIG.
1). The host device 102 1s operably coupled to the data center
network 100 via a communications link 103. The host device
102 can be any type of data processing unit configured, for
example, to execute various applications and/or store data.
Specifically, the host device 102 can be any type of device or
data processing unit configured to send data over the switch
tabric 104 to a destination entity and/or receive data from a
destination entity via the edge data processing units (or net-
work devices) 105.

The edge data processing units (or network devices) 105
can be configured to function as access or gateway devices
between the switch fabric 104 and the host device 102 and/or
other devices (not shown), which can be configured to handle
data based on different protocols. For example, 1n some
embodiments, the host device 102 can be configured to com-
municate based on an Ethernet protocol and the switch fabric
104 can be a cell-based fabric where one or more portions of
data (e.g., data packets) are transmitted via the switch fabric
104 1n one or more cells (e.g., variable size cells, fixed size
cells). In other words, the edge data processing units 1035 can
provide the host device 102, which can be configured to
communicate via one protocol, with access to the switch
fabric 104, which can be configured to communicate via
another protocol. In some embodiments, the edge data pro-
cessing units 105 can be referred to and/or configured to
function as an access switch, a router, a network hub device,
and/or a network bridge device.

The switch fabric 104, which can be a multi-stage switch
fabric (e.g., 3-stage switch fabric, 5-stage switch fabric),
includes multiple core data processing units 106. The core
data processing units 106 can be, for example, switches,
routers, data storage devices or the like that are configured to
perform the functions of the switch fabric 104. For example,
although not shown, the switch fabric 104 can include an
ingress stage, a middle stage, and an egress stage. In some
embodiments, the switch fabric 104 can be a reconfigurable
(e.g., a rearrangeable) switch fabric and/or a time-division
multiplexed switch fabric. In some embodiments, the switch
fabric 104 can be a cell-based switch fabric configured to
transmit one or more cells (e.g., fixed-size cells, variable-size
cells) that can include various type of data such as portions of
one or more data packets. In some embodiments, the switch
tabric 104 can be a lossless or substantially lossless switch
tabric (e.g., not based on lossy best-eflort transmission pro-
tocol). In some embodiments, switch fabric 104 can be
defined based on a Clos network architecture (e.g., a strict
sense non-blocking Clos network, a Benes network) and the
switch fabric 104 can include a data plane and a control plane.
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In some embodiments, the functionality of the host device
102 can be substantially separate from functions related to,
for example, routing and management of traflic within the
data center network 100. For example, in some embodiments,
the host device 102 can be a server device (e.g., a web server
device) configured to host several guest operating systems
handling data for, for example, a user/customer while the
functionality of the edge data processing unit 105 can be
substantially related to routing and management of the data
center network 100. In some embodiments, the host device
102 and the edge data processing units 105 can be controlled
by different administrative entities (e.g., different administra-
tive organizations).

In some embodiments, one or more portions of the host
device 102, one or more portions of the switch fabric 104, one
or more portions of the core data processing unit 106 and/or
one or more portions of the edge data processing unit 103 can
be a hardware-based module (e.g., an application-specific
integrated circuit (ASIC), a digital signal processor (DSP), a
field programmable gate array (FPGA)) and/or a soitware-
based module (e.g., a module of computer code, a set of
processor-readable 1nstructions that can be executed at a pro-
cessor). In some embodiments, one or more of the functions
associated with the host device 102 can be included 1n ditfer-
ent modules and/or combined 1nto one or more modules. In
some embodiments, one or more of the functions associated
with the edge data processing unit 105 can be included in
different modules and/or combined 1nto one or more mod-
ules.

In some embodiments, the edge data processing unit 105,
the host device 102 and/or the core data processing unit 106
can be included 1n one or more chassis. For example, in some
embodiments, the edge data processing umt 105 can be a
top-of-rack (TOR) device associated with a chassis, and the
host device 102 can be a blade server within the chassis.
Although the block diagram of FIG. 1 shows only two edge
data processing units 103 and three core data processing units
106, 1n some embodiments, a data center network 100 can
include on the order of one hundred thousand of data process-
ing units (e.g., edge data processing unmts 105 and core data
processing units 106).

FIGS. 2 and 3 are schematic illustrations of a data process-
ing unit 120 that can be included within the data center net-
work 100, in a first configuration and a second configuration,
respectively. The data processing unit 120 can be any suitable
data processing unit of the types described herein. In some
embodiments, for example, the data processing unit 120 can
be one of the edge data processing units 105 and/or one of the
core data processing units 106 shown 1n FIG. 1. In some
embodiments, the data processing unit 120 can be a switch, a
router, a server, a data storage unit (e.g., a memory device),
line card or the like.

The data processing unit 120 includes network port 122, a
light source 140 and a display screen 124. The network port
122 1s the physical and/or logical interface between the data
processing unit 120 and other components within the data
center network 100. The network port 122 includes a set of
connectors 122A, 1228, 122C, 122D and 122E, each config-
ured to engage and/or receirve a corresponding connector
from a set of network cables 155. In this manner, data can be
send and/or recerved between the data processing unit 120
and the other components within the data center network 100.
Although shown as including five connectors (e.g., connec-
tors 122A, 1228, 122C, 122D and 122EF), 1n other embodi-
ments, the network port 122 can include any number of con-
nectors. In yet other embodiments, the network port 122 can
be devoid of any physical connector. In such embodiments,
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the data processing unit 120 can be operatively coupled to the
data center network 100 via a wireless connection.

The light source 140 can be any suitable light source for
outputting light, such as for example, a light emitting diode
(LED), an incandescent light or a fluorescent light. The light
source 140 1s adjacent the network port 122 and 1s configured
to output a set of light outputs (or visual indicia), each asso-
ciated with a status of the network port 122. Similarly stated,
the light source 140 1s configured to produce multiple differ-
ent light outputs (represented as light outputs 142A and 1428
in FIGS. 2 and 3, respectively), each corresponding to a status
of the network port 122. In this manner, an observer can
ascertain information about the status of the network port 122
by observing the output of the light source 140. In some
embodiments, for example, a characteristic of the first light
output 142A can be different than a characteristic of the
second light output 142B. Each of the characteristics can be
associated with a particular status of the networkport122. For
example, 1n some embodiments, the light source 140 can be
configured to output the first light output 142A having a {irst
color associated with a first status of the network port 122, and
can be configured to output the second light output 142B
having a second color associated with a second status of the
network port 122. Similarly, the first light output 142A can
have a different brightness and/or pattern (on/off duration,
frequency of a flashing pattern or the like) than a brightness
and/or pattern of the second light output 142B.

In some embodiments, each characteristic or combination
of characteristics of the visual indicia (or light) produced by
the light source 140 can be correlated to a particular status of
the network port 122. Sitmilarly stated, 1n some embodiments,
cach characteristic or combination of characteristics of the
visual indicia output by the light source 140 can be associated
with a status of the network port 122 via a one-to-one map-
ping. For example, 1n some embodiments, a GREEN light
output indicates that a network link via the network port 122
has been established. A RED light output can indicate that a
network link via the network port 122 has not been estab-
lished (or has failed). A bright RED light output can indicate
that a network link via the network port 122 has not been
established for a period of time exceeding a predetermined
time threshold. A flashing GREEN light output can indicate
that data 1s being transmitted via the network port 122 at a
speed greater than a first speed threshold (e.g., 100 Mbps). A
flashing BLUE light output can indicate that data i1s being
transmitted via the network port 122 at a speed greater than a
second speed threshold (e.g., 1 Gbps). The preceding are only
examples of the mapping of the characteristics of the visual
indicia (or light) produced by the light source 140 to the status
of the network port 122, and are not intended to be limiting.

In other embodiments, each characteristic or combination
of characteristics of the visual indicia (or light) produced by
the light source 140 can be correlated to more than one status
of the network port 122. Similarly stated, 1n some embodi-
ments, each characteristic or combination of characteristics
of the visual indicia produced by the light source 140 can be
associated with a status of the network port 122 via a one-to-
many mapping. For example, 1n some embodiments, a bright-
ness of the visual indicia can indicate that a particular status of
the network port 122 has changed within a predetermined
time period.

The display screen 124 i1s configured to output a set of
graphical outputs (or a first visual indicia) and a set of back-
light outputs (or a second visual indicia), each associated with
an operating status of the data processing unit 120. More
particularly, the display screen 124 1s configured to output at
least a first graphical output 126 A (FIG. 2) and a second
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graphical output 126B (F1G. 3), each associated with an oper-
ating status of the data processing unit 120. The graphical
outputs 126A, 1268 can include, for example, an alphanu-
meric code, graphical symbol, an icon, or the like. In this
manner, an observer can ascertain information about the oper-
ating status of the data processing unit 120 by observing the
graphical outputs 126 A, 126B produced by the display screen
124.

In some embodiments, for example, the first graphical
output 126 A can be different than the second graphical output
126B. More particularly, the first graphical output 126 A can
be fault code, message or the like associated with a first
operating status of the data processing unit 120, and the
second graphical output 126B can be fault code, message or
the like associated with a second operating status of the data
processing unit 120. The operating status of the data process-
ing unit 120 can be associated with the status of a power
supply to the data processing unit 120, the status of a cooling
fan (or fans) within the data processing unit 120, the tempera-
ture of a particular portion of the data processing unit 120 or
the like. In some embodiments, for example, the first graphi-
cal output 126 A can be an alphanumeric code associated with
a cooling fan fault, and the second graphical output 126 A can
be an alphanumeric code associated with a power supply
failure.

The display screen 124 1s further configured to output at
least a first backlight output 130A (indicated as a shaded
portion of the display screen 124 in FIG. 2) and a second
backlight output 130B (indicated as a shaded portion of the
display screen by the shaded portion in FIG. 3). Each of the
first backlight output 130A and the second backlight output
130B 1s associated with the operating status of the data pro-
cessing unit 120. The backlight outputs 130A, 130B can
include, for example, any suitable light output 1lluminating
the display screen 124 substantially from the back and/or the
side of the display screen 124. In this manner, an observer can
ascertain mformation about the operating status of the data
processing unit 120 by observing the backlight outputs 130A,
130B produced by the display screen 124.

In some embodiments, a characteristic of the first backlight
output 130A can be different than a characteristic of the
second backlight output 130B. Such characteristics can
include, for example, a color of the backlight output, a bright-
ness of the backlight output, a contrast of the backlight output
and/or a pattern of the backlight output (e.g., on/off duration,
frequency of a flashing pattern or the like). Each of the dii-
terent characteristics can be associated with a particular oper-
ating status of the data processing unit 120. For example, 1n
some embodiments, the display screen 124 can be configured
to output the first backlight output 130A having a first color
associated with a first operating status of the data processing
unit 120, and can be configured to output the second backlight
output 130B having a second color associated with a second
operating status of the data processing unit 120.

In some embodiments, each characteristic or combination
of characteristics of the backlight outputs produced by the
display screen 124 can be correlated to a particular operating
status of the data processing unit 120. Similarly stated, in
some embodiments, each characteristic or combination of
characteristics of the backlight outputs produced by the dis-
play screen 124 can be associated with an operating status of
the data processing unit 120 via a one-to-one mapping. For
example, 1n some embodiments, a GREEN backlight output
indicates that no faults or conditions exists with respect to the
operation of the data processing unit 120. A BLUE backlight
output can indicate that power supply failure has occurred. A
RED backlight output can indicate that a fan within the data




US 9,269,307 Bl

7

processing unit 120 1s not functioning properly. A flashing
RED backlight output can indicate that a temperature of a
portion of the data processing unit 120 has exceeded a pre-
determined value. The preceding are only examples of the
mapping of the characteristics output by the display screen
124 to the operating status of the data processing unit 120, and
are not intended to be limiting.

In other embodiments, each characteristic or combination
of characteristics of the backlight outputs produced by the
display screen 124 can be correlated to more than one oper-
ating status of the data processing unit 120. Sumilarly stated,
in some embodiments, each characteristic or combination of
characteristics of the backlight outputs produced by the dis-
play screen 124 can be associated with an operating status of
the data processing umt 120 via a one-to-many mapping. For
example, 1n some embodiments, a brightness of the backlight
output can indicate that a particular operating status of the
data processing unit 120 has changed within a predetermined
time period.

In some embodiments, the size, area, shape and/or location
of the display screen 124 1s such that the observer can ascer-
tain information about the operating status of the data pro-
cessing unit 120 when the data processing unit 120 1is
arranged within a cluster of other data processing units (not
shown 1 FIGS. 2 and 3) and/or when the observer 1s not
directly 1n front of or in close proximity to the data processing
unit 120. Similarly stated, in some embodiments, the size,
area, shape and/or location of the display screen 124 1s such
that the backlight outputs 130A, 130B can be easily observed
from a distance (e.g., of greater than approximately 10 feet),
from an angle (e.g., an angle between the line of sight and the
face plate of the data processing unit 120 of less than approxi-
mately 60 degrees), when a portion of the display screen 124
1s obstructed (e.g., by cables) and/or when the data processing
unit 120 1s arranged within a cluster of other data processing,
units. For example, 1n some embodiments, the display screen
124 has substantially rectangular shape and an area of at least
4 square centimeters. In other embodiments, the display
screen 124 1s located on a portion of the faceplate of the data
processing unit opposite the location of the network port 122,
to avoid being obstructed by the set of cables 155.

Although the data processing unit 120 1s shown and
described above as being a single component (e.g., a switch,
router, server, data storage unit, line card or the like within the
data center network 100, 1n other embodiments, a data pro-
cessing unit can be collection of components within the data
center network 100. Similarly stated, in some embodiments,
a data processing unit can include a set of components (e.g.,
line cards or the like) within a common chassis or frame that
collectively perform a desired data processing function
within the data center network 100. For example, FIG. 4 1s a
perspective view of a data processing unit 220 according to an
embodiment. The data processing unit 220 includes a chassis
260 within which multiple types of components (1dentified as
components 262A, 2628, 262C, 262D and 262E) are con-
tained. The components 262A, 2628, 262C, 262D and 262E
can be suitable component (a switch, router, server, data
storage unit, line card or the like) described above. Although
shown as including five different types of components, 1n
other embodiments, the data processing unit 220 can include
any number of different types of components and any number
of a gtven type of component.

The chassis 260 also includes a set of power supplies 266,
a fan tray 264 and defines a cooling flow path therein (not
shown in FIG. 4). In this manner, the chassis 260 provides a
chassis-level power source and/or cooling mechanmism for the
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therein. In some embodiments, however, the components
262A, 2628, 262C, 262D and 262E can include a power
supply, a fan and/or define a cooling path.

As shown 1n FIG. 4, the data processing unit 220 includes
a light source 240 and a display screen 224. The light source
240 which can be, for example, a light emitting diode (LED),
1s configured to output a set of light outputs (or visual indicia),
cach associated with a status of one or more network ports
included within the data processing unit 220. The network
ports can include, for example, any of the network ports of
any ol the components 262A, 2628, 262C, 262D and 262F
contained in the data processing unit 220 (such as, for
example, the set of network ports 222 of the component
262F). Similarly stated, the light source 240 1s configured to
produce multiple different light outputs, each corresponding
to a status of one or more network ports, as described above.
In this manner, an observer can ascertain information about
the status of the network ports included within the data pro-
cessing unit 220 by observing the output of the light source
240.

In some embodiments, the light source 240 can be config-
ured to produce light outputs having different characteristics
associated with a particular status of a network port. As
described above, such characteristics can include a color of
the light output, a brightness of the light output and/or a
pattern (on/oil duration, frequency of a flashing pattern or the
like) of the light output.

Similar to the display screen 124 described above, the
display screen 224 1s configured to output a set of graphical
outputs (or a first visual indicia) and a set of backlight outputs
(or a second visual indicia), each associated with an operating
status of the data processing umt 220. The operating status of
the data processing unit 220 can be associated with the status
ol the power supplies 266, a status of a fan within the fan tray
264, a temperature of a particular portion of the data process-
ing unit 220, a detected blockage within a cooling path or the
like. In this manner, an observer can ascertain information
about the operating status of the data processing unit 220 by
observing the graphical outputs and/or the backlight outputs
produced by the display screen 224.

As described above, the graphical outputs can include, for
example, an alphanumeric code, graphical symbol, an 1con,
or the like. The display screen can be configured to change,
update and/or produce a particular graphical output in
response to the operating status of the data processing unit
220 and/or a change 1n such status. Additionally, 1n some
embodiments, the display screen 224 can be configured to
change the characteristics of the backlight output 1n response
to the operating status of the data processing unit 220 and/or
a change 1n such status. Such backlight characteristics can
include, for example, a color of the backlight output, a bright-
ness of the backlight output, a contrast of the backlight output
and/or a pattern of the backlight output (e.g., on/oif duration,
frequency of a flashing pattern or the like).

FIG. 5 1s a schematic illustration of a data processing unit
320 according to an embodiment that can be included within
a data center network, such as the data center network 100
described above. The data processing unit 320 can be any
suitable data processing unit of the types described herein. In
some embodiments, for example, the data processing unit 320
can be an edge data processing unit and/or a core data pro-
cessing unit of a data center network. In some embodiments,
the data processing unit 320 can be a switch, a router, a server,
a data storage unit (e.g., a memory device), line card or the
like.

The data processing unit 320 includes network port 322, a
set of light sources 340A, 3408, a display screen 324 and a
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display screen controller 327. The network port 322 1s the
physical and/or logical interface between the data processing
unit 320 and other data processing units (not shown) within a
communications network (e.g., a data center network). As
described above, the network port 322 can include any num-
ber of connectors configured to receive and/or engage data
transmission cables. In other embodiments, however, the net-
work port 322 can be devoid of any physical connector. In
such embodiments, the data processing unit 320 can be opera-
tively coupled to the data center network 300 via a wireless
connection.

The light sources 340A and 340B can be any suitable light
source for outputting light, such as for example, light emitting
diodes (LEDs). Each light source 340A and 340B 1s config-
ured to output a set of light outputs (or visual 1ndicia), asso-
ciated with a status of the network port 322. Similarly stated,
the light source 340A and the light source 3408 are each
configured to produce multiple different light outputs, each
light output having a characteristic corresponding to a level of
activity and/or a status of the network port 322. As described
above, such characteristics can include a color of the light
output, a brightness of the light output and/or a pattern (on/off
duration, frequency of a flashing pattern or the like) of the
light output. In this manner, an observer can ascertain infor-
mation about the status of the network ports included within
the data processing unit 320 by observing the output of the
light source 340.

For example, 1n some embodiments, the light source 340A
can be configured to output a solid GREEN output to indicate
that a network link 1s established. The light source 340A can
also be configured to output a flashing GREEN output to
indicate that a network link 1s established and that there 1s
activity (e.g., data transmission) along the link. Moreover, the
light source 340A can be configured to produce the flashing
light at a frequency that corresponds to a rate of data trans-
mission (e.g., one blink per second corresponds to 10 Mbps,
two blinks per second corresponds to 100 Mbps, etc.)

In some embodiments, the second light source 3408 can be
configured to produce a light output having characteristics
associated with the mode of operation and/or the power status
ol the network port 322. For example, 1n some embodiments,
the second light source 340B can produce a GREEN light
indicating that “power over Ethernet” (PoE) status enabled.
Similarly, the second light source 340B can produce a YEL-
LOW light indicating a “power over Ethernet” (PoE) failure,
and no light output if “power over Ethernet” 1s not enabled.
The preceding are only examples of a possible mapping (or
correlation) of the characteristics of the outputs produced by
the first light source 340A and the second light source 340B to
the status of the network port 322, and are not intended to be
limiting.

The display screen 324 1s configured to output a backlight
output (or visual indicia) of the types shown and described
herein. In some embodiments, the display screen 324 1s also
configured to output one or more graphical outputs (e.g.,
alphanumeric codes, icons or the like). The display screen
controller 327 1s configured to control and/or adjust the back-
light output produced by the display screen 324 in response to
a change 1n an operating status of the data processing unit
320. Sumilarly stated, the display screen controller 327 is
configured to control and/or adjust a characteristic of the
backlight output produced by the display screen 324 in
response to a change 1n an operating status of the data pro-
cessing unit 320. Such characteristics can include, for
example, a color of the backlight output, a brightness of the
backlight output, a contrast of the backlight output and/or a
pattern of the backlight output (e.g., on/off duration, fre-

10

15

20

25

30

35

40

45

50

55

60

65

10

quency of a flashing pattern or the like). In this manner, an
observer can ascertain information about the operating status
of the data processing unit 320 by observing the backlight
outputs produced by the display screen 324.

The data processing unit 320 includes an alarm circuit 328
operatively coupled to the display screen controller 327 via a
bus 329. The alarm circuit 328 can be any electronic circuit
coniigured to produce a signal (e.g., signal S1) 1n response to
a change 1n the operating status of the data processing unit
320. In some embodiments, for example, the alarm circuit
328 1s configured to receive iput associated with the status of
a power supply, the temperature of a portion of the data
processing unit 320, an airtlow rate through a cooling passage
defined by the data processing unit 320 or the like. The alarm
circuit 328 can then process the recerved signal to determine
il a change 1n the global status of the data processing unit 320
has occurred. Stmilarly stated, the alarm circuit 328 can pro-
cess the recerved signal to determine 1f any fault limits have
been exceeded. When such a change in operating status and/
or fault condition exists, the alarm circuit 328 conveys the
signal S1 to the display screen controller 327 via the bus 329.
In some embodiments, the bus 329 includes an inter-inte-
grated circuit (I°C). Similarly stated, the display screen con-
troller 327 can 1tself be controlled by the alarm circuit 328
through an I°C bus.

The signal S1 1s recerved by the display screen controller
327, which then sends a signal S2 to the display screen 324 to
control and/or change the backlight display in response to the
change 1n the operating status of the data processing unit 320
as detected by the alarm circuit 328. The display screen con-
troller 327 can be any suitable controller, such as, for
example, a field programmable gate array (FPGA) or a com-
plex programmable logic device (CPLD).

Although the display screens 124, 224 and 334 are shown
and described above as producing a backlight output (or
visual indicia) that occupies substantially the entire area of
the display screen 124, 224 and 334, in other embodiments, a
data processing unit can include a display screen configured
to produce a backlight output occupying only a portion of the
display screen. For example, FIG. 6 1s a schematic illustration
of a display screen 424 according to an embodiment. The
display screen 424 can be operably coupled to any of the data
processing units described herein. The display screen 424,
which can be, for example, a liquid crystal display screen,
includes a first screen portion 424 A, a second screen portion
4248, a third screen portion 424C and a fourth screen portion
424D. The portions 424 A, 4248, 424C and 424D are sub-
stantially distinct from each other.

The display screen 424 1s configured to produce multiple
different backlight outputs (or visual indicia) associated with
an operating status of a data processing unit (not shown 1n
FIG. 6), as described above. More particularly, the display
screen 424 can produce multiple different backlight outputs
having different characteristics, such that a particular back-
light output 1s associated with (or corresponds to) an operat-
ing status of the data processing unit and/or a change 1n the
operating status of the data processing unit. Such character-
1stics can include, for example, a color of the backlight out-
put, a brightness of the backlight output, a contrast of the
backlight output and/or a pattern of the backlight output (e.g.,
on/oil duration, frequency of a flashing pattern or the like).

Moreover, the display screen 424 1s configured to produce
different backlight outputs on only a portion of the display
screen. For example, the display screen can produce a first
backlight output (indicated as the shaded region 430A) on the
first portion 424A of the display screen 424 and a second
backlight output (indicated as the shaded region 430D) on the
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tourth portion 424D of the display screen 424. In this manner,
the display screen 424 can be configured to convey complex
information about the operating status of the data processing
unit 1n a qualitative manner. Such complex information can
include, for example, the length of time since the operating
status last changed, a severity of a fault, or the like. Thuis
arrangement allows an observer to ascertain detailed infor-
mation about the data processing unit without requiring the
observer to view a graphical output on the display screen
(e.g., an alphanumeric fault code or the like). Thus, this
arrangement can allow an observer to ascertain complex
information about the data processing unit when the data
processing unit 1s arranged within a cluster of other data
processing units, when the observer 1s not directly in front of
or in close proximity to the data processing unit and/or when
the observer 1s more than approximately five feet away from
the data processing unit.

For example, 1n some embodiments, a RED output on the
first portion 424 A of the display screen 424 can indicate that
a temperature ol a portion of the data processing unit has
exceed a first predetermined threshold, and a RED output on
the first portion 424 A and the second portion 424B can 1ndi-
cate that the temperature of the portion of the data processing
unit has exceed a second predetermined threshold. In other
embodiments, the location of the backlight output on the
display screen 424 (1.¢., the portion of the display screen 424
in which the output 1s produced) can be correlated to a loca-
tion on the data processing unit associated with the status
and/or fault condition. For example, a flashing RED output 1n
an upper portion of the display screen 424 (e.g., the first
portion 424 A or the second portion 424B) can indicate a fan
failure within an upper fan tray of the data processing unit.

Conversely, a flashing RED output 1n a lower portion of the
display screen 424 (e.g., the third portion 424C or the fourth
portion 424D) can indicate a fan failure within a lower fan
tray of the data processing unit.

In other embodiments, the display screen 424 can produce
various backlight outputs that toggle between various por-
tions of the display screen. For example, in some embodi-
ments, the display screen 424 can produce a first YELLOW
backlight output that flashes at a first frequency on the first
portion 424 A of the display screen 424 and a second YEL-
LOW backlight output that flashes at the first frequency, but
out of phase with the first YELLOW backlight output, on the
second portion 424B of the display screen 424. In this man-
ner, the display screen 424 can appear to “move” between the
first portion 424 A and the second portion 424B. Such “move-
ment” or toggling of backlight outputs can be used to indicate
a change in status of the data processing unit.

Moreover, the divided screen arrangement also allows the
display screen 424 to produce different backlight outputs
substantially simultaneously. In this manner, an observer can
ascertain 1nformation associated with multiple different
faults or aspects of the status of the data processing unit
simply by observing the backlight outputs display screen 424.

Although the display screen 424 1s shown as being divided
into substantially rectangular quadrants to define the portions
424 A, 4248, 424C and 424D, in other embodiments, the
display screen 424 can have any shape and/or can be divided
into any number of portions having any shape. For example,
FIG. 7 1s a schematic illustration of a display screen 524
according to an embodiment having a substantially circular
shape. The display screen 524 defines three concentric por-
tions, 524 A, 5248 and 524C. The display screen 1s configured
to produce multiple different backlight outputs (or visual
indicia) associated with an operating status of a data process-
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ing unit (not shown i FIG. 7), as described above with
reference to display screen 424.

FIG. 8 15 a flow chart of a method 600 of producing visual
indicia associated with a data processing unit according to an
embodiment. The method includes producing a first visual
indicia associated with a port status of a network port of a data
processing unit, 602. The data processing unit can by any data
processing unit of the types shown and described herein, and
1s configured to be operatively coupled within a data center
network. A graphical output associated with an operating
status of the data processing unit 1s produced via a display
screen coupled to the data processing unit, 604. The graphical
output can include for example, an alphanumeric code,
graphical symbol, an 1con, or the like. In this manner, an
observer can ascertain information about the operating status
of the data processing unit by observing the graphical output
produced by the display screen. In some embodiments, the
graphical output can include an alpha-numeric fault code
associated with the status of the data processing unit. In such
embodiments, the method can optionally include changing
the alpha-numeric fault code output via the display screen in
response to a change 1n the operating status of the data pro-
cessing unit, 610.

A backlight output associated with the operating status of
the data processing unit 1s via the display screen, 608. The
backlight output can be any suitable backlight output of the
types shown and described herein. For example, in some
embodiments, a characteristic of the backlight output can be
associated with the operating status of the data processing
unit. For example, 1n some embodiments, the method option-
ally includes, changing a characteristic of the backlight out-
put 1n response to a change 1n the operating status and/or an
alarm condition of the data processing unit, 610. The charac-
teristic ol the backlight can include, for example a color of the
backlight output, a brightness of the backlight output and/or a
contrast of the backlight output.

In some embodiments, the backlight output 1s a first back-
light output produced via a first portion of the display screen.
In such embodiments, the method optionally 1ncludes pro-
ducing a second backlight output associated with the operat-
ing status of the data processing unit via a second portion of
the display screen, 612. In such embodiments, the display
screen can be any suitable display screen, such as, for
example, display screen 424 shown and described above.

The display screens (e.g., display screen 124) described
herein can be any suitable display screen configured to pro-
duce the first set of graphical outputs (or a first visual indicia)
and the set of backlight outputs (or a second visual indicia), as
described above. For example, 1n some embodiments, any of
the display screens described herein can be a liquid crystal
display (LCD) screen, a cathode ray tube (CRT) screen, or the
like.

The data processing units (e.g., data processing unit 120,
220 and 320), the display screen controller 327 and/or the
alarm circuit 328 can be, for example, a commercially-avail-
able processing device configured to perform one or more
specific tasks related to controlling the display screen as
described herein. For example, the data processing units (e.g.,
data processing unit 120, 220 and 320), the display screen
controller 327 and/or the alarm circuit 328 can include a
microprocessor and a memory device. The microprocessor
can be, for example, an application-specific integrated circuit
(ASIC) or a combination of ASICs, which are designed to
perform one or more specific functions. In yet other embodi-
ments, the microprocessor can be an analog or digital circuit,
or a combination of multiple circuits. The memory device can
include, for example, a read only memory (ROM) compo-
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nent, a random access memory (RAM) component, electroni-
cally programmable read only memory (EPROM), erasable
clectronically programmable read only memory (EEPROM),
and/or tlash memory.

Although the data processing unit 320 i1s 1llustrated and
described as including an display screen controller 327, 1n
other embodiments, a data processing unit can include sofit-
ware 1n the form of processor-readable code instructing a
processor to perform the functions described herein. In other
embodiments, a data processing unit can include firmware
that performs the functions described herein.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Where methods and/or
schematics described above indicate certain events and/or
flow patterns occurring in certain order, the ordering of cer-
tain events and/or flow patterns may be modified. While the
embodiments have been particularly shown and described, 1t
will be understood that various changes 1n form and details
may be made.

For example. although the graphical outputs and the back-
light outputs produced by the display screen 124 are
described above as being associated with the operating status
of the data processing unit 120, in other embodiments, the
graphical outputs and the backlight outputs produced by the
display screen 124 can be associated with the status of the
network port 122.

Although various embodiments have been described as
having particular features and/or combinations of compo-
nents, other embodiments are possible having a combination
of any features and/or components from any of embodiments
as discussed above. For example, 1n some embodiments, a
display screen can include substantially distinct portions each
coniigured to output a backlight output, similar to the display
screen 424 shown and described above and can also be con-
figured to produce a graphical output similar to the display
screen 124 shown and described above.

What 1s claimed 1s:

1. An apparatus, comprising:

a data processing unit configured to be operatively coupled
within a data center network, the data processing unit
configured to output a first visual indicia, a second visual
indicia and a third visual 1ndicia,

the first visual indicia including a plurality of light outputs,
cach light output from the plurality of light outputs asso-
ciated with a port status of a network port of the data
processing unit, at least one light output from the plu-
rality of light outputs being indicative of a Power over

Ethernet (PoE) status of the data processing unit,

the second visual indicia including a plurality of graphical
outputs produced by a display screen, each graphical
output from the plurality of graphical outputs associated
with an operating status of the data processing unit,

the third visual 1indicia including at least a first backlight
output produced by a first portion of the display screen
and a second backlight output produced by a second
portion of the display screen, the second backlight out-
put different from the first backlight output, the first
backlight output and the second backlight output each
being uniquely associated with a characteristic from a
plurality of characteristics associated with the operating
status of the data processing unit, each characteristic
from the plurality of characteristics including at least
one of a brightness or a contrast,

the data processing unit being configured to adjust the
brightness of the first backlight output when the operat-
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ing status of the data processing unit associated with the

first backlight output has changed within a first prede-

termined time period, and

the data processing unit 1s configured to adjust the bright-
ness of the second backlight output when the operating
status of the data processing unit associated with the
second backlight output has changed within a second
predetermined time period, the data processing unit con-
figured to adjust the brightness of the first backlight
output when the second backlight output 1s produced by
the second portion of the display screen.

2. The apparatus of claim 1, wherein the data processing
unit 1s at least one of an access switch, a router, a server or a
data storage device.

3. The apparatus of claim 1, wherein the data processing
unit includes a light emitting diode configured to produce the
plurality of light outputs of the first visual indicia, each light
output from the plurality of light outputs having a character-
1stic associated with the port status.

4. The apparatus of claim 1, wherein the port status of the
network port 1s associated with at least one of a link activity of
the network port, a mode of operation of the network port or
a speed of data transmaission via the network port.

5. The apparatus of claim 1, wherein the operating status of
the data processing unit includes at least one of a fan fault, a
thermal fault or a power supply fault.

6. An apparatus, comprising;

a data processing unit configured to be operatively coupled
within a data center network, the data processing unit
including;:

a network port configured to operatively couple the data
processing unit to another data processing unit asso-
clated with the data center network;

a plurality of light emitting diodes, each light emitting,
diode from the plurality of light emitting diodes con-
figured to produce an output having a characteristic
associated with a status of the network port, at least
one light emitting diode from the plurality of light
emitting diodes being indicative of a Power over Eth-
ernet (PoE) status of the data processing unit;

a display screen having a first portion and a second
portion different from the first portion, the first por-
tion configured to produce a first backlight output
associated with a first location of the data processing
unit, the second portion configured to produce a sec-
ond backlight output associated with a second loca-
tion of the data processing unit, a characteristic of the
second backlight output different from a characteris-
tic of the first backlight output, the display screen
configured to produce the first backlight output and
the second backlight output substantially simulta-
neously, the first portion of the display screen being
distinct from and substantially surrounded by the sec-
ond portion of the display screen; and

a display controller configured to control the first back-
light output 1n response to a change 1n an operating
status ol a component adjacent the first location of the
data processing unit.

7. The apparatus of claim 6, wherein the change in the
operating status of the component 1s associated with at least
one of a fan fault, a thermal fault or a power supply fault.

8. The apparatus of claim 6, wherein the display controller
1s configured to adjust at least one of a color of the first
backlight output, a brightness of the first backlight output or
a contrast of the first backlight output.
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9. The apparatus of claim 6, wherein:

the change in the operating status of the component 1s a first

change;

the first portion of the display screen 1s configured to pro-

duce a third backlight output, a characteristic of the third
backlight output being different than the characteristic
of the first backlight output; and

the display controller 1s configured to produce the third

backlight output in response to a second change in the
operating status of the component.

10. The apparatus of claim 6, wherein the display controller
includes a field programmable gate array operatively coupled
to an alarm circuit of the data processing unit via an inter-
integrated circuit bus, the field programmable gate array con-
figured to recetve a first signal associated with the change 1n
the operating status of the component from the alarm circuit
and transmit a second signal to the display screen.

11. The apparatus of claim 6, wherein the display screen 1s
configured to output a graphical indicia associated with the
operating status of the component.

12. The apparatus of claim 6, wherein:
the component 1s a first component; and
the display controller 1s configured to control the second

backlight output in response to a change 1n an operating,

status of a second component adjacent the second loca-
tion of the data processing unit.

13. A method, comprising:

producing a first visual indicia associated with a port status

ol a network port of a data processing unit, the data

processing unit configured to be operatively coupled

within a data center network, the first visual indicia
being indicative of a Power over Ethernet (PoE) status of
the data processing unit;

producing a graphical output via a display screen coupled
to the data processing unit, the graphical output associ-
ated with an operating status of the data processing unit;

producing a first backlight output via a first portion of the
display screen at a first frequency, the first portion of the
display screen associated with a first portion of the data
processing unit, the producing the first backlight output
performed in response to a change 1n an operating status
of a first component within the first portion of the data
processing unit and not 1n response to an operating status

ol a second portion of the data processing unit; and
producing a second backlight output via a second portion

of the display screen at a second frequency, the second
backlight output different than the first backlight output,
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the second portion of the display screen associated with
the second portion of the data processing unit, the pro-
ducing the second backlight output performed 1n
response to a change 1n the operating status of a second
component within the second portion of the data pro-
cessing unit and not inresponse to the operating status of
the first portion of the data processing umt, the second
backlight output being produced by the second portion
of the display screen when the first backlight output 1s
produced by the first portion of the display screen,

the first frequency being out of phase with the second

frequency.

14. The method of claim 13, further comprising:

changing a characteristic of the first backlight output 1n

response to a change in the operating status of the first
component, the characteristic of the first backlight out-
put including at least one a brightness of the first back-
light output or a contrast of the first backlight output.

15. The method of claim 14, wherein the changing the
characteristic of the first backlight output includes changing
the characteristic 1n response to a change 1n an alarm condi-
tion associated with the operating status associated with the
first component.

16. The method of claim 13, wherein the graphical output
includes an alpha-numeric fault code, the method further
comprising;

changing the alpha-numeric fault code output via the dis-

play screen in response to a change in the operating
status of the data processing unit.

17. The apparatus of claim 1, wherein the display screen 1s
configured to produce the first backlight output and the sec-
ond backlight output substantially simultaneously.

18. The apparatus of claim 1, wherein the display screen 1s
configured to produce the first backlight output at a frequency
that 1s out of phase with a frequency with which the second
backlight output 1s produced.

19. The apparatus of claim 1, wherein the first portion of
the display screen 1s distinct from the second portion of the
display screen.

20. The apparatus of claim 6, wherein the first portion and
the second portion of the display screen are 1n circular shape.

21. The method of claim 13, wherein the first portion of the
display screen 1s circular in shape and 1s distinct from and
substantially surrounded by the second portion of the display
screen.
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